IMPORTANCE Obsessive-compulsive disorder (OCD) is one of the world's most disabling illnesses according to the World Health Organization. Serotonin reuptake inhibitors (SRIs) are the only medications approved by the Food and Drug Administration to treat OCD, but few patients achieve minimal symptoms from an SRI alone. In such cases, practice guidelines recommend adding antipsychotics or cognitive-behavioral therapy consisting of exposure and ritual prevention (EX/RP).
S erotonin reuptake inhibitors (SRIs) (ie, clomipramine hydrochloride and selective SRIs) are the only medications approved by the Food and Drug Administration to treat obsessive-compulsive disorder (OCD). 1 Although many patients respond, few achieve minimal symptoms from an SRI alone. 2 In those with some SRI response, practice guidelines 1 recommend adding either antipsychotics or cognitivebehavioral therapy. This article describes the first study, to our knowledge, to compare these 2 strategies. Adding antipsychotics (eg, haloperidol, risperidone, olanzapine, quetiapine fumarate, or aripiprazole) has improved SRI response in patients with OCD in some randomized clinical trials. Meta-analyses 3, 4 estimate that about one-third of patients with OCD receiving SRIs will respond. Among second-generation antipsychotics, risperidone appears to have the strongest effects. However, these effects are based on 3 small studies. [5] [6] [7] Adding cognitive-behavioral therapy consisting of exposure and ritual prevention (EX/RP) has also improved SRI response in 2 randomized clinical trials. Tenneij et al 8 randomized patients with OCD who had responded to 3 months of paroxetine hydrochloride or venlafaxine hydrochloride to 6 months of continued medication alone or augmented with EX/ RP. We randomized patients with OCD receiving SRIs to 8 weeks of augmentation with EX/RP or stress management therapy. 9 In both studies, patients who received EX/RP were significantly more likely to benefit than the comparison group. Given the importance of SRI augmentation strategies for treatment of OCD, more data are needed on the effects of risperidone and EX/RP and their relative efficacy. Thus, we conducted a randomized clinical trial comparing risperidone, EX/ RP, and pill placebo augmentation of SRIs in 100 adults with OCD. We recruited patients with at least moderate OCD severity despite an adequate SRI dose, allowed comorbid depressive and anxiety disorders as long as OCD was the principal diagnosis, and used a twice-weekly EX/RP format with proven efficacy. 9, 10 Our risperidone protocol was similar to that of
McDougle et al, 6 although our starting dose was lower and dose escalation slower to minimize adverse effects. Based on prior studies, we hypothesized that risperidone and EX/RP would each reduce OCD symptoms more than placebo and that risperidone and EX/RP would not differ in efficacy.
Methods

Setting
This randomized clinical study was conducted at 2 academic outpatient clinics in New York City, New York, and Philadelphia, Pennsylvania. Subjects were recruited by clinical referral and advertisements, and data were collected (January 2007-August 2012). Each site's institutional review board approved the study. Patients provided written informed consent.
Participants
Eligible patients were adults (aged 18-70 years) with a principal diagnosis of OCD (≥1 year), who were receiving an SRI at a stable dose (≥12 weeks), and who remained at least moderately symptomatic (Yale-Brown Obsessive Compulsive Scale 11, 12 [Y-BOCS] score ≥16). Consistent with the literature at the time this study was initiated, 1,9 an optimal SRI dose was defined as Patients were excluded for bipolar and psychotic disorders, substance abuse or dependence in the past 3 months, prominent suicidal ideation, a 17-item Hamilton Depression Scale (HAM-D) 13 score indicating severe depression (>25), or hoarding as the only OCD symptom. Other Axis I diagnoses were permitted if OCD was the most severe and impairing. Patients were excluded if they had an unstable medical or neurological condition that increased the risk of participation (eg, dementia), were pregnant or nursing, or had previously received risperidone (≥0.5 mg/d for 8 weeks) or EX/RP (≥8 sessions within 2 months) while receiving an SRI as described earlier. Patients were also excluded if receiving their first SRI with no response because practice guidelines 1 suggest switching to another SRI first.
Eligibility was determined by trained clinicians with expertise in OCD and related disorders. Psychiatric diagnoses were confirmed by trained raters prior to study entry using the Structured Clinical Interview for DSM-IV Axis I Disorders-Patient Edition.
14 Treatment history was confirmed with the referring clinician and/or medical record review.
Randomization
Patients were randomized to risperidone, EX/RP, or pill placebo (allocated 2:2:1) using a computer-generated stratified block randomization procedure that balanced the treatments for every 5 entrants at each site. 15 Subjects were told their randomization (pill or therapy) by the study coordinator at week 0.
Treatments
Maintenance SRI Patients entered receiving a stable SRI dose and the dose was maintained by their study psychiatrist. For those receiving EX/ RP augmentation, psychiatrist visits were every 4 weeks (weeks 0, 4, and 8). For those receiving pill augmentation (either risperidone or pill placebo), psychiatrist visits were weekly for the first 4 weeks and then every other week (weeks 0, 1, 2, 3, 4, 6, and 8). The first visit was 60 minutes; others were 30 minutes. Psychiatrists conducted standard medication management.
EX/RP Augmentation
Patients randomized to EX/RP received 17 twice-weekly 90-minute sessions delivered over 8 weeks by a study therapist. Treatment included 2 introductory sessions, 15 exposure sessions (during which patients faced their obsessional fears for a prolonged period without ritualizing), daily homework (at least 1 hour of self-directed exposures daily), and betweensession telephone check-ins. 16 At least 2 sessions occurred outside the clinic to promote generalization to daily life. The goal was for patients to stop their rituals as early in treatment as possible; patients were asked to try refraining from ritualizing after the first exposure session. Formal cognitive therapy procedures were not used, but dysfunctional cognitions were discussed within the context of exposure.
Pill Augmentation
Patients randomized to pill augmentation met with their study psychiatrist as noted earlier. 
Protocol Adherence
Training and supervision of study therapists, psychiatrists, and independent evaluators are described in the eAppendix in the Supplement; data there document their protocol adherence. Serotonin reuptake inhibitor adherence was confirmed by patient report and SRI blood levels [26] [27] [28] at weeks 0 and 8 (or dropout). Blood levels of risperidone and its active metabolite (9-hydroxy risperidone) were measured (13-15 hours) after the last risperidone/placebo dose at week 8 (or dropout) using highperformance liquid chromatography and mass spectroscopy.
Statistical Methods
The Y-BOCS total score was the primary outcome. Mixedeffects linear regression was used to model each continuous outcome (using SuperMix software [http://www.ssicentral.com /supermix/index.html]) as a function of 2 time dummy variables (t4 = 1 for week 4 and 0 for week 0 or week 8; t8 = 1 for week 8 and 0 for week 0 or week 4), 2 group dummy variables (EXRP = 1 for EX/RP and 0 for risperidone or placebo; RIS = 1 for risperidone and 0 for EX/RP or placebo), and 4 time × group interactions (EXRP × t4, EXRP × t8, RIS × t4, and RIS × t8). We examined other models and chose this one based on the lowest Akaike information criterion. The model accounts for clustering of the 3 repeated measures (baseline, week 4, and week 8) within each individual 29 and allows use of data from patients with missing observations by using maximum likelihood estimation to provide valid inferences in the presence of ignorable nonresponse. 30 Pairwise contrasts examined the magnitude and significance of effect sizes for each 2-group comparison at weeks 4 and 8. Site was initially included but then dropped for lack of significant main effect or interactions. Proportions of patients responding (Y-BOCS score decrease ≥25%
2 ) and achieving minimal symptoms (Y-BOCS score ≤12 2 ) were compared across groups using the Pearson χ 2 (χ 2 ) test of association. All tests were 2-sided with a significance level of α = .05.
In addition, we used analysis of variance or χ 2 tests to examine whether the treatment groups differed at baseline with respect to demographic or clinical characteristics. Further, we did sensitivity analyses to assess whether baseline differences could explain, at least in part, group differences in Y-BOCS outcome. Specifically, we added each of the following terms separately to our final regression model (baseline Y-BOCS scores, proportion with current OCD only, proportion with current comorbid depressive disorder, proportion with current comorbid other anxiety disorder, proportion receiving SRIs only, dose of clomipramine or paroxetine, proportion with prior antipsychotic exposure, and proportion with prior exposure sessions) and all possible 2-way and 3-way interactions with time, group, and time × group. We looked for a significant 3-way interaction (P < .05) as evidence that the group differences in week 8 Y-BOCS score could be explained in part by baseline differences in these clinical variables. 31 
Results
Sample
As shown in Figure 1 , 281 patients were assessed for eligibility, 163 were eligible, 100 were randomized (risperidone, n = 40; EX/RP, n = 40; and placebo, n = 20), and 86 completed the trial. Table 1 . The only one that differed significantly by group was the proportion with current OCD only (χ 2 2 = 6.45; P = .04). At randomization, most patients had received a stable SRI dose for longer than the required 12-week minimum (≥16 weeks, 77%; ≥24 weeks, 48%). All but 2 reported at least minimal improvement while receiving the SRI, which is why they continued receiving the SRI despite clinically significant residual OCD symptoms.
Treatment Adherence
Patients reported that they adhered to their SRI regimen, and SRI blood levels showed little change between weeks 0 and 8 in those with both values (intraclass correlation = 0.95; 95% CI, 0.92 to 0.97). For those receiving risperidone, the week 6 and week 8 mean (SD) dose was 1. 
Efficacy of Augmentation Primary Outcome
Observed outcomes are presented in Table 2 . As Figure 2 ; z = −0.22; P = .83). Sensitivity analyses indicated that these group differences in outcome could not be attributed to differences in baseline clinical characteristics (ie, baseline Y-BOCS scores, proportion with current OCD only, proportion with current comorbid depressive disorder, proportion with current comorbid other anxiety disorder, proportion receiving SRIs only, dose of clomipramine or paroxetine, proportion with prior antipsychotic exposure, and proportion with prior exposure sessions).
Secondary Outcomes
Observed outcomes are presented in P = .001). For EX/RP, the number needed to treat using placebo as the comparator was 1.5 to achieve response and 2.7 to achieve minimal symptoms; for risperidone, the number needed to treat (using placebo as the comparator) was 13.3 for both response and minimal symptoms.
Adverse Effects
As shown in Table 3 , some patients reported moderate or severe physical complaints at baseline; across the whole sample, anorgasmia/erectile dysfunction and fatigue were the most common complaints (each 13%), consistent with known SRI adverse effects. Patients on average were also overweight (ie, mean body mass index at baseline ≥25).
During augmentation, many patients reported increased physical complaints; this limited maximal dose titration in both pill groups (Table 3) . Those receiving risperidone reported the most treatment-emergent complaints, with dry mouth, fatigue, and decreased libido being the most common. More patients receiving risperidone and EX/RP than patients receiving pill placebo had increases in mean body mass index; the proportion of patients with an increase of at least 1.0 kg/m 2 differed significantly by group (χ 2 2 = 10.17; P = .006). One patient receiving risperidone and 1 patient receiving placebo reported akathisia; 2 patients receiving placebo had extrapyramidal symptoms on the Simpson-Angus Scale. Intolerable adverse effects caused 4 patients receiving risperidone, 2 patients receiving placebo, and no patients receiving EX/RP to leave the study.
Discussion
To our knowledge, this is the first randomized clinical trial to compare 2 recommended SRI augmentation strategies for adults with OCD. Adding EX/RP to SRIs was superior to risperidone and pill placebo in reducing OCD symptoms and improving insight, functioning, and quality of life. Risperidone was not superior to placebo on any outcome.
That EX/RP was superior to placebo corroborates Tenneij et al, 8 who found that adding EX/RP to paroxetine or venlafaxine was superior to continued medication alone in 96 adults with OCD. The findings also confirm our prior study, 9 which found augmentation with EX/RP superior to stress management therapy (a control for time and attention) in 108 adults with OCD. That our 2 studies, conducted more than 5 years apart, yielded such similar effects underscores the efficacy of EX/RP as an SRI augmentation strategy for adults with OCD: across both studies, 33% to 43% who began EX/RP and 38% to 46% who completed it achieved minimal symptoms (Y-BOCS score ≤12), which is associated with good quality of life and adaptive functioning. 33 Our study also affirms the low placebo response seen in other OCD SRI augmentation studies 3, 9 : of our patients randomized to pill placebo augmentation, only 15% responded, and 5% achieved minimal symptoms after 8 weeks.
Contrary to our expectations, adding EX/RP to SRIs was superior to adding risperidone on every outcome. These findings are important because antipsychotics are increasingly pre- scribed to outpatients with OCD, 34 and risperidone is recommended as the medication of first choice to augment SRI response. 3, 4 Our results call for increased use of EX/RP for augmenting unsatisfactory SRI effects. Adding risperidone to SRIs was not significantly better than placebo on any outcome measure, even though risperidone's response rates were numerically higher. These findings are at odds with 3 smaller trials. [5] [6] [7] The most positive 6 found risperidone That study used a different response definition and analyzed only treatment completers, potentially explaining some of the discrepancy. However, applying a response definition used in meta-analyses (Y-BOCS score decrease ≥35% 3, 4 ) to all randomized subjects (assuming dropouts are nonresponders), the difference between our risperidone and placebo response rates (17.5% vs 15%) leads to an absolute risk difference of only 0.025. The 3 other controlled trials had absolute risk differences of 0.35 6 and 0.30 5, 7 ; patients in 1 of these studies 5 received only 0.5 mg/d of risperidone.
Several differences between our study and these prior trials may explain the different outcomes. First, the samples differed. We randomized patients with clinically significant symptoms (Y-BOCS score ≥16) despite receiving an SRI at a maximally tolerated dose for 12 weeks or more. All but 2 reported at least minimal improvement while receiving an SRI, which is why they had continued receiving their SRI. The other studies focused on patients with no more than minimal response to an SRI. Thus, the other studies may have had a more SRI-refractory sample. For example, McDougle et al 6 treated patients for 8 weeks with an SRI and then randomized only those who met all of the following criteria: (1) less than 35% Y-BOCS score decrease or Y-BOCS score more than 16; (2) no more than minimal improvement; and (3) consensus of 3 clinicians that the patient was unimproved. Importantly, Erzegovesi et al 5 found that only SRI nonresponders (not responders) benefit from risperidone augmentation. In contrast, those with and without an SRI response have been shown to benefit from EX/RP augmentation. 8, 9, [35] [36] [37] Second, given the increasing use of second-generation antipsychotics in OCD, 34 our sample might have had greater prior antipsychotic exposure and therefore be more antipsychotic resistant. Prior antipsychotic exposure is not described in prior studies; 17% of our sample had pre- viously been exposed to an antipsychotic for at least a week. However, our sensitivity analysis indicated that baseline differences in prior antipsychotic exposure did not explain differences in outcome. Third, patients with OCD have treatment preferences. 38 Our study randomized patients to medication or EX/RP; it likely attracted either those without preferences or those with preferences but the willingness to chance being randomized to the other. The other studies randomized patients only to medication, likely attracting those who preferred medication. Treatment preferences like these can affect treatment outcome. 39 Finally, to our knowledge, ours is the largest sample (risperidone, n = 40; placebo, n = 20); the absolute risk difference for the other studies was based on only 6 to 20 patients per group. Risperidone's adverse effects were expected. However, there were 2 surprises. First, 37% of patients had moderate to severe adverse effects at baseline; assuming these are due to SRIs, this suggests that long-term SRI treatment is not benign. Second, while most patients receiving risperidone (88%) reported treatment-emergent adverse effects, many receiving placebo (72%) or EX/RP (58%) did too. Moreover, both patients receiving risperidone and EX/RP gained weight, although those receiving risperidone were more likely to do so.
Limitations
Several limitations deserve consideration. First, we recruited patients already receiving SRIs. Consequently, we do not have measures of OCD severity prior to SRI treatment to quantify degree of SRI response. Second, patients receiving EX/RP knew they were receiving therapy, whereas those taking a pill understood they had a one-third chance of receiving placebo; thus, factors like differential expectancy could have contributed to the outcome. In addition, the groups differed in clinician contact: those receiving EX/RP had 2 hours of contact with their psychiatrist and about 26 contact hours with their therapist, whereas those receiving risperidone or placebo had 4 hours of contact with their psychiatrist. However, prior studies have shown that attention alone has minimal effects on OCD symptoms. 9 Third, some data suggest that antipsychotic augmentation is most helpful in patients with OCD and tic disorders. 3 Because only 5% of our patients reported a lifetime tic disorder, our data cannot address this question. Finally, the study design could not address whether patients with OCD receiving SRIs who fail to respond to EX/RP (or are unwilling to try it) might benefit from risperidone augmentation.
Generalizability
Our study recruited patients like those commonly seen in outpatient practice. We minimized exclusions and permitted comorbid anxiety and depressive disorders. Thus, our findings likely apply to patients with OCD receiving SRIs who are willing to try medication or psychotherapy and who can adhere to these treatments. We have previously shown that patient adherence to EX/RP is strongly associated with outcome. 40, 41 With regard to EX/RP's effectiveness outside academic settings like ours, EX/RP has been successfully disseminated to specialty feefor-service practices 42, 43 and nonacademic community clinics 44 ; it has even been successfully delivered by the Internet. 45 
Clinical Implications
Patients with OCD receiving SRIs should be offered EX/RP before antipsychotics given EX/RP's superior efficacy and less negative adverse effect profile. Identifying who achieves minimal OCD symptoms from adding EX/RP to SRIs and whether such patients can then successfully discontinue their SRI warrants future research. Whether patients with OCD receiving SRIs who fail to respond to EX/RP (or are unwilling to try it) can benefit from risperidone augmentation remains an unanswered question. Alternative medication augmentation strategies for patients with OCD receiving SRIs are needed.
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